Abstract: This study investigated the gender disparity, side disparity and relationship of mandible size to mandibular canal location using CBCT scans in a Saudi Arabian subpopulation. 856 CBCT scans of Saudi Arabian subpopulation were selected from the radiology archive. Linear measurements were calculated from horizontal lines drawn from the inferior border of the mandibular canal (D1), the distance from superior border of the mandibular canal to the apical root apex of the mesial root of the mandibular 2nd molar (D2), the distance from the alveolar crest in between mandibular 1st and 2nd molar to superior border of the mandibular canal (D3), the distance, from the superior border of the mandibular canal to apical root apex of the mandibular 2nd premolar (D4), height of the mandibular canal under the mandibular 1st molar (D5) and the distance from inferior border of the mandibular canal in between mandibular 1st and 2nd molar to inferior border of mandible (D6). Mandible size was calculated and grouped as Group I-Average mandible (D7 length ranging from 72.5 (±2 SD) Group II-Large mandible (D7>74.5) Group III-Small mandible (D7<70.5). The mean difference of measured variables in gender comparison and side disparity was statistically insignificant (p<0.05). No severe asymmetry was revealed. There was no statistically significant difference between the mandible size groups. The mandibular canal in Saudi Arabian subpopulation has no gender disparities, almost symmetrical position with no side disparity and location of mandibular canal is independent of mandible size.
Introduction
Surgical endodontic treatment is an option for teeth with apical periodontitis and may be indicated for teeth with failed previous endodontic treatment and teeth with a strong possibility of failure for nonsurgical approach, and where a biopsy is needed 1) . Traditional surgical endodontic treatment has been performed by root-end resection with a 45 degree bevel, retrograde preparation of the canal with bur and root-end filling , with a moderate success rate of approximately 60% 2) . With such a low success rate and increased risk of injury to mandibular canal makes surgical endodontics not a good choice with extraction as only option. Mandibular canal can be injured during many diverse interventions such as orthognathic surgeries, benign and malignant tumour surgeries and endodontic therapy 3, 4) . Surgical procedures such as third molar surgery, implant placement, ostectomy and fracture repair that involve structures adjacent to the mandibular canal require exact knowledge of the intraosseous course of the canal and neurovascular bundle in order to avoid a high risk of nerve damage [5] [6] [7] [8] [9] .
Cone beam computed tomography (CBCT) provides a precise diagnostic tool for locating of the mandibular canal. In addition, the image can be reconstructed into a 3-dimensional model that can be used as an accurate surgical guide 10) . This three dimensional image is very useful in determining the buccolingual width of the bone, as well as the buccolingual position of the mandibular canal. CBCT has been revealed to be superior tool than conventional imaging modalities for the depiction of the mandibular canal, however the visibility of this structure may vary significantly, even within the same individual [11] [12] [13] . The lack of identification of anatomical landmarks can lead to several surgical complications. The injury to the bundle leads neurosensory disturbances and hemorrhage after surgical procedure in the mandibular canal region demands proper pre-surgical planning and accurate assessment to avoid these complications. The present study aimed to examine the gender disparity, side disparity and relationship of mandible size to mandibular canal location using CBCT scans.
Materials and Methods
This is a retrospective study including CBCT scans of patients selected from the data bank of radiology department from September 2017 to March 2018. A total of 943 CBCT scans of Saudi population were collected from the Radiology archive. Based on the inclusion and exclusion criteria, finally 856 CBCT scans were investigated for accurate location of mandibular canal and mandible size among them, 496 were males and 360 were females. The CBCT scans were taken as pre-operative assessment prior to implant therapy. CBCT images were acquired with shooting conditions such as scan time 18 -34 s with effective exposure time 2.4 -6 s then the obtained images were analyzed using the On-Demand 3D software (Scanora 3dx, Seoul, Korea). CBCT scans of males and females meeting inclusion and exclusion criteria were selected randomly. Ethical clearance was obtained by the Institutional Ethical Committee of Jouf University (LCBE 9-16-8/39). The personal data of participants was anonymized prior to analysis and was kept confidential. This study was carried out according to the Strengthening the Reporting of Observational studies in Epidemiology (STROBE) guidelines 14) . Inclusion criteria included subjects with age group ranging from 20 to 40 
Error Study
Dhalberg's formula was used to determine the errors associated with measurements. 10% of CBCT scans were selected randomly and all the measurements were repeated at an interval of 2 weeks by the same investigator. To determine the error of measurements Dhalberg's formula was use.
The Dahlberg's 16) formula as follows- 
Statistical analysis
All the data were verified, and descriptive analysis were analyzed by using IBM Statistical Package for Social Science (SPSS), Version 22.0 (SPSS, Chicago, IL, USA). Independent sample t-test was conducted to compare the measured variables in gender disparity. One-way ANOVA was conducted to determine the significant difference of mandibular canal location(D1-D6) in Group I, Group II and Group III. A multiple comparison was tested by Post-hoc Scheffe test. A p value of <0.05 was considered statistically significant.
Results
Figs. 2 and 3 present the mean values of D1, D2, D3, D4, D5 and D6 variables measured in right and left side of mandible in male and female. The mean values were insignificant (p<0.05) for comparison be- Discussion Position and location of the mandibular canal with clinical evaluation of the anatomical structures in the surgical field are imperative because they can improve surgical planning, reduce complications, and improve the quality of care. The present study evaluated the gender and side disparity of mandibular canal among Saudi Arabian subpopulation and also investigated the relationship of mandible size with location of mandibular canal. Recently, implant therapy has become the most accepted method to restore function and esthetics 17) . The predictable outcomes of implant therapy for missing teeth made implant therapy as an integral part of day today practice with increased incidence of post-operative complication 17, 18) . Inferior alveolar nerve is well-thought-out to be the most frequently damaged nerve in the mandible (64.4%), followed by lingual nerve (28.8%) 19) . The injury is due to the damage from implant drills and implants placed into the canal 7) which may be caused either by intraoperative (direct-chemical or mechanical ) and postoperative (indirect-thermal stimuli or ischemia) trauma 20) . One of the most non-incursive process for diagnosis or treatment plan in the mandible and maxilla is CBCT. Amongst all radiographic technique, CBCT is a reliable and accurate tool to diagnose, screen and plan for surgical procedure CBCT offers the surgeon the opportunity to locate the mandibular canal in three dimensions, allowing for individual modification of the approach to assess all anatomical landmarks on the mandible. The advantages of CBCT over panoramic radiograph are the elimination of superimposition of neighboring structures, absence of image magnification, accurate and precise measurements which can be made to relate the anatomical landmarks in both vertical and horizontal directions.
A recent study on 96 plain films of dried mandibles proposed that the mandibular canal passes along an intermediate course between the inferior border of the mandible and mandibular root apices in 68% of films 21) . A mean distance of 10 mm was detected proximal to the third molar between the inferior border of mandible and mandibular canal 22) .
In the present study, the mean distance from superior border of the mandibular canal to apical end of the mesial root of the mandibular 2nd molar (D2) was in consistent with the reports obtained from researchers that the upper border of the mandibular canal was positioned 3.5 to 5.4 mm below the root apices of the first and second molars 8, 23) . Denio et al., 8) performed a study on 22 cadavers and suggested that the mean distance of the mandibular canal to the apices of mandibular second molar, first premolar and second premolar was 3.7, 6.9, and 4.7 mm respectively these findings were in consistent with the variables measured (D5) in the present study. Nortje et al. 24) concluded that the mandibular canals were generally, but not customarily, bilaterally symmetrical, and that most of the hemimandibles possess only one major canal. Likewise, in the present study bilateral symmetry for mandibular canal location was confirmed based on the measured variables (D1-D7) there by confirming that Saudi Arabian subpopulation also revealed almost symmetrical mandibular canals position. The present study showed, non-significant differences between males and females of all variables. Ayad et al., 25) ,
Goswami et al., 26) , Rajchel et al., 22) and Levine et al., 27) , reported that there was no significant difference between gender. The present study also shows no significant difference between right and left side in all pairs. These findings were in accordance with Ayad et al., 25) and Goswami et al., 26) . The height of the inferior canal differs in different population groups. In Asian population the width is 2.0-2.4 mm 22) , Japanese population has highest height of mandibular canal 5 mm 28) , 2.75-2.78 mm was found in Sudanese population 25) . This study revealed the width of mandibular canal of 4.131 mm for male and 4.186 for female which is in the range to compare with other populations. This study assessed the relationship of mandible size with location of mandibular canal which is unique comparison of its kind. The findings revealed that average, increase or decrease in size of mandible doesn't affect the mandibular canal location. These findings couldn't be compared with any other studies; to the best of knowledge, this is the first study investigating this parameter. The researchers used five variable measurements in both side of the mandible as well as in both gender whereas, in this study, a new variable added to investigate the accurate location of the mandibular canal which is never documented in literature. Findings from the present study provide an insight for further research in relating the size of developing mandible and location of mandibular canal. The mandibular canal in Saudi Arabian subpopulation has no gender disparities, almost symmetrical position with no side disparity and location of mandibular canal is independent of mandible size.
